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Pressure ulcer (PU) is one of the major complications which can be seen in patients with spinal cord injury (SCI). In particular, in chronic SCI with loss of sensation and comorbidity, PU is seen more frequently. [1] The PU prevalence may increase up to 30 to 50% in SCI cases with increased morbidity and mortality. [2] [3] [4] [5] Pressure ulcers can be seen in 36.5% of the patients in the acute rehabilitation period and in 39.4% of the patients in the functional rehabilitation period. [6] It typically involves sacrum, heel, and ischium in 43%, 19%, and 15% cases, respectively. [6] The incidence of PU has been reported as 26.4% in wheelchair patients with chronic SCI. In addition, almost one-third of these patients have previous PU before, and nearly half of them are newly diagnosed PU cases. [7] Prevention of PU is of utmost importance for patients with SCI. After PU occurs, proper positioning to decrease the pressure is helpful for healing in Stage I and II ulcers. In the patients with Stage III-IV PU, surgery is usually indicated. However, healing in good quality is mostly difficult due to the lack of adequate soft tissues to fill the gap in deep ulcers. [8] For patients whose PU is unable to recover properly with conservative treatment or those who have Stage III-IV PU wishing a rapid recovery, plastic surgery consultation is recommended. [9] Various techniques can be used in the surgical treatment of PU, [10] [11] [12] [13] [14] mainly including musculocutaneous, fasciocutaneous, and perforatorbased flaps. These flaps used in PU reconstruction have similar complication and recurrence rates.
In the present study, we aimed to investigate the recurrence rates in patients with SCI who had PU reconstruction and were followed by both by plastic surgery and physical medicine and rehabilitation team.
PATIENTS AND METHODS
Between February 2002 and December 2008, a total of 39 patients with SCI (32 males, 7 females; mean age 38.1±6.7 years; range, 19 to 71 years) aged ≥18 years who were admitted to our rehabilitation unit and operated for PU were retrospectively analyzed. Physical examination findings and accompanying disorders were recorded. The affected body sites were noted. Potential risk factors for PU recurrence such as anemia, smoking, and hypoalbuminemia were evaluated. A written informed consent was obtained from each patient. The study protocol was approved by the İstanbul Physical Medicine and Rehabilitation Training and Research Hospital local Ethics Committee. The study was conducted in accordance with the principles of the Declaration of Helsinki.
In 10 patients, more than one PU were treated surgically. A total of 39 PU reconstructions were done in patients with SCI. For the surgical treatment of sacral PU, the first debridement was done and, then, the ulcer was closed with a random pattern fasciocutaneous rotation flap. Trochanteric pressure ulcers were closed with a random pattern transposition flap following the debridement. For the surgical treatment of ischial PU, the first debridement was done and, then, the deep part of the ulcer was closed with a muscle flap and the upper part was closed using the primary suture. For the surgical treatment of other PU cases, the primary suture, skin graft, or fasciocutaneous flaps were used. While choosing the proper flap for the reconstruction of PU, closing the ulcer easily was considered. Furthermore, it was considered that leaving potential flap in case of recurrence was essential in patients with SCI, as PU recurrence is common in these patients. For a three-week period following the operation, the patients were laid in the proper position to prevent any pressure, shearing or friction forces on the operated region, not to disturb the blood flow of the flap. The patients who had trochanteric PU reconstruction were laid in the lateral decubitus position, while those who had sacral PU reconstruction were laid in the prone position. For patients lying in the prone position, one pillow was put under the head, two pillows were used at chest, and one pillow was used to support the pelvic area and legs. For this three-week bed rest period, clean intermittent catheterization was not applied.
During this period, continuous catheterization was used for urine discharge in all patients. In particular, postoperative sacral PU has the risk of fecal contamination, as they are close to the anal region, and toilet care in these patients is very important. Accordingly, all patients had a regular diet containing enough water and fiber for making the stool bulkier in the postoperative period. Moreover, an anal pad was used during defecation to keep the wound clean in this period. Wound dressing was performed for ulcer. Drainage, flap color, and edema were monitored regularly. Drains were removed weekly. The stitches were removed at the second week after the operation. After completing the three-week bed rest period, the patients were included in the rehabilitation program, unless they had any problem related with ulcers.
All patients with PU reconstruction were followed in our inpatient rehabilitation unit postoperatively. The caregivers were continuously trained for preventing the ulcer recurrence. All patients were informed in detail about the skin care and pressurelowering methods.
Rehabilitation program consisted of slowly progressive exercises according to the health status of the patient. Also, pressure relief exercises were instructed to all patients. All patients were also followed for PU after discharge.
Statistical analysis
Statistical analysis was performed using the PASW Statistics, version 18.0 software (SPSS Inc., Chicago, IL, USA). Descriptive data were expressed in mean and standard deviation (SD) and median (min-max), and number and percent for categorical variables. All data were analyzed for normality of distribution using the Kolmogorov-Smirnov test with the Lilliefors Significance Correction. Comparisons of the two groups in terms of age, body height, weight, Body Mass Index (BMI), time since injury, length of stay, length of follow-up were performed using the Mann-Whitney U test. In terms of the potential risk factors, patient distribution between two groups was analyzed using the Fisher's exact test. The odds ratios (ORs) with 95% confidence interval (CI) for potential risk factors were calculated. A p value of <0.05 was considered statistically significant.
Sample size and post-hoc power analysis
The primary aim of this study was to evaluate the recurrence rate after reconstruction of the PU. In the literature, the rate of postoperative recurrence of PU in SCI patients has been reported as 8.9%. [10] Therefore, a total of 26 patients are needed to have 80% power with 5% type I error level to detect effect size (-0.168) to achieve an expected rate of postoperative recurrence of 8.9%. The post-hoc power (n=39, effect size= -0.168, α=0.05 (two-tail) is 0.993 (G*power ver 3.1.9.2 Franz Paul Germany).
RESULTS
Demographic and clinical characteristics of the patients are shown in Tables 1 and 2 . The PU recurrence rate was nine (23.1%). The most common recurrent PU was sacral ulcers (82.1%), followed by ischial ulcers (20.5%), trochanteric ulcers (15.4%), and others (2.6%). The PU recurrence was seen in two sites in six patients and three sites in one patient. Anatomical localizations of recurrent Pus are shown in Figure 1 . 39  23  31  15  6  35  19  27  11  2  37  21  29  13  4  33  17  25  8  38  22  30  14  5  34  18  26  9 No risk factor was found to be statistically significant between the two groups in terms of both demographic risk factors (Table 2 ) and clinical risk factors (Table 3) . No statistically significant effect of clinical and demographic risk factors was found on the recurrence risk of PU (Tables 2 and 3 ).
DISCUSSION
In this study, the recurrence rate was 23.1% in patients with SCI who had PU reconstruction during a mean follow-up of 19.8±7.5 months. Almost one-fifth of the patients who had PU recurrence were those who were already operated for previous ulcers in external medical centers. The patients who had previous recurrence were also at risk of increased PU after a new operation.
The recurrence rate after reconstruction of the PU can be as high as 47.8 to 56% among the patients with SCI. [14, 15] In a study by Kierney et al., [16] a team work was carried out including the plastic surgery department for surgical initiative and the physical medicine and rehabilitation department for follow-up, and the recurrence rate was found to be 19.5% in 268 patients at a mean age of 34.5 years and who were operated for Stage III and IV PU and followed for a mean period of 3.7 years. In the aforementioned study, the authors concluded that the low recurrence rate in the surgical treatment of PU was the result of the team work between the plastic surgery and physical medicine and rehabilitation departments. In our study, the recurrence rates are similar to the aforementioned study, and the whole treatment process was carried out by a team of physicians and nurses of physical medicine and rehabilitation department and a plastic surgeon. A multidisciplinary team work is, hence, required for the treatment of PU. Rehabilitation specialists and nurses have important responsibilities in the PU treatment with the plastic surgery specialists.
Pressure relief is also helpful for preventing ulcer in the regions that are exposed to pressure for a long time. [4] It is recommended that pressure-lowering maneuvers should be repeated for half to two min with 15 to 30-min intervals. [17] For patients with SCI, prolonged sitting is another risk factor in terms of ischial PU. [18] For those confined to wheelchair ambulation, regular exercises should be done and pressure relief positions should be ensured. Leaning forward also helps lowering pressure in the ischial region for patients who are sitting on a wheelchair. [19] In a study carried out by Rintala et al. [20] including patients with SCI and PU, the PU frequency could be decreased in the group followed by phone calls following the PU education on a monthly basis, compared to those who were only followed by phone calls or emails without any education.
In the present study, sacral PU was closed by randomly patterned rotation flap. No postoperative flap necrosis was observed in any patients. In a study by Chen et al., [21] the gluteal rotator flap and fasciocutaneous rotation f lap applications were compared in patients with sacral PU and recurrence was seen in patients in whom a fasciocutaneous rotation flap was used. However, the authors concluded that both techniques were effective in the treatment of sacral PU. Sørensen et al. [8] also reported that myocutaneous flaps were mostly used in the patients who underwent PU reconstruction. In another study carried out by Leow et al., [22] four patients with paraplegia or traumatic brain injury were evaluated and sacral PU reconstructions with superior gluteal perforator flaps were found to be successful and the gluteal muscles were reserved in case of recurrence as they remained intact. The authors also found that recurrence could be observed after PU reconstruction and, in this case, it was of utmost importance to leave the potential usable flaps for the future surgical interventions.
In our study, the majority of the operated Pus were in the sacrum region. Bardak et al. [5] showed that sacral region was the most commonly affected site in 44.4% of cases with SCI. Sacral PU is most common in in-patients. Therefore, these patients should be supported in terms of skin care precautions, position changes, and proper exercises which can lower pressure on the sacral region.
This study has some strengths. First, it has a long follow-up period for recurrence in patients with SCI with a previous PU reconstruction. Second, all PU reconstructions were done in a single center. Another strength is the multidisciplinary work of plastic surgery specialists and physical medicine and rehabilitation team during the whole process before and after the surgical treatment. Nonetheless, the lack of a logistic regression analysis to identify risk factors of PU and confounding effects among potential risk factors is the main limitation of this study. In addition, log-linear analysis which examines the relationship between more than two categorical variables was unable to be performed to identify PU-related risk factors, due to small sample size. Therefore, further large-scale, prospective studies are needed to fully delineate possible risk factors of PU recurrence.
In conclusion, our study results suggest that collaboration between plastic surgery and physical medicine and rehabilitation department with a strict follow-up protocol may help to prevent recurrences of PU after surgery in SCI patients. In addition, regular pressure relief exercises following surgery are associated with a lower recurrence risk in these patients.
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